areas of the optic nerve supplemented the graphical representation of the fiber orientation in relation to the visual field. Conclusion: The detailed illustration of the visual field projection along the visual pathway structures may facilitate a more precise calculation of correlations between morphological and functional measurements of ophthalmological and neuroradiological examinations.
Introduction
For some time now, in ophthalmology, the examination of intracerebral parts of the visual pathway by radiological imaging methods has become more and more important. Particularly, diffusion tensor imaging, which is based on magnetic resonance imaging (MRI), provides an interesting new option for the visualization and quantification of the third and fourth neuron of the visual pathway. The underlying tractographic technique reconstructs the fibers of the neuronal tracts [1] . Even fiber crossing of the optic chiasm may be visualized by this method [2] . Additionally, functional MRI allows the detection of localized activity, e.g. in the primary visual cor-tex (V1) in response to appropriate stimuli [3] . There are numerous ophthalmological methods to determine neuronal reasons for impaired vision [4, 5] . Among them, we can find quantification (1) of the retinal nerve fiber layer (RNFL) thickness; (2) of the optic nerve head morphology; (3) of visual field defects by perimetry; (4) of the spatial-temporal contrast sensitivity, and (5) of the visual evoked potential. For an investigation of some glaucoma subtypes with incompletely elucidated pathophysiology (e.g. normal tension glaucoma, NTG), an interdisciplinary approach between ophthalmology and neuroradiology is desirable. A vascular dysregulation is discussed for NTG [6] and thereby, primary damage of the intracerebral part of the visual pathway may not be excluded [7] [8] [9] . Optic neuritis plays an important role for multiple sclerosis (MS) patients as well [10] and thus requires an interdisciplinary approach, too.
However, a complete overview of the fiber courses and their precise neuronal connections is needed to increase the diagnostic accuracy which is based on an interrelated evaluation of all these examination results. Many graphics providing parts of the visual pathway in detail have been published in the literature. However, to our best knowledge, a complete overview is missing. This work combines the published graphics to one complete illustration in order to facilitate detailed follow-up and calculations of the neuronal connections from individual visual field sectors to the respective V1 sectors, e.g. in ophthalmological studies, which apply neuroradiological examination methods.
Method of Literature Search
In this database study, a selective literature search was performed in PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) and Google Pictures (http://www.google.de). Graphics published until October 2011 which contained the following key words were considered: 'visual field', 'visual pathway', 'optic nerve', 'lateral geniculate nucleus', 'optic radiation', and 'primary visual cortex'. In Google Pictures, 441 figures which included all key words were found. PubMed provided 8 publications which contained all key words. Only meaningful graphics of the visual pathway either from peer-reviewed articles or from internationally known textbooks (e.g. Netter's Neurology [11] ) were selected. They represented the relationship either between individual visual field sectors and detailed anatomical structures of the visual pathway or between the anatomical structures themselves. References to articles in languages other than English, German, or French were excluded. The graphics regarded as eligible for further consideration were joined in one complete illustration. The main outcome measure was a detailed display of the neuronal connections in the lateral geniculate nucleus (LGN) and V1 in relation to visual field sectors.
Results
The composition of the visual pathway illustration ( fig. 1 ) started with a display of the relation between a cross-section of 6 RNFL/neuroretinal rim area regions (inferonasal, inferotemporal, temporal, superotemporal, superonasal, and nasal) and 6 corresponding visual field regions (superior, superonasal, nasal, inferonasal, inferior, and temporal) on each side [12] . The macular and nasal regions of the visual field were further subdivided into superior and inferior areas. The course of the retinal ganglion cell axons was projected on the visual field [13] . Next, information from a picture showing the cross-sectional areas of the third neuron anterior and posterior to the optic chiasm was added [14] . The cross-sections were adapted to the RNFL regions by supplementation of the macular, superior, and inferior part of the retina. Projection of the fibers to the respective layers of the LGN followed the graphical illustrations that were extracted from Netter's Neurology (chapter 3: 'Retina and optic nerve'; chapter 4: 'Optic chiasm, optic tract, lateral geniculate nucleus, and optic radiations', and chapter 5: 'Primary visual cortex') [11] . This drawing shows the 6 layers of the LGN. A separate image illustrates the LGN subdivisions in relation to the visual field sectors. Both detailed drawings were combined to one image and added to the illustration. Additionally, the magnocellular and parvocellular cell layers in the LGN were determined [15] . The fiber projection from the LGN or the visual field to the V1 completed the illustration [11] . The fibers were assigned to the anterior, central, and posterior bundle of the optic radiation in accordance with the visual field [16] and its pattern of visual field defects [17] . The resulting illustration consisted of 16 different visual field sectors, their 16 retinal sectors, 64 LGN sections, and 20 areas of V1.
Discussion
In the present work, one complete illustration was constructed from different published graphics that show parts of the visual pathway in relation to the visual field. The goal was to provide groundwork for the detailed assignment of individual RNFL sectors or visual field sectors to individual, reconstructed tracts of the third and fourth neuron of the visual pathway. The present scheme may be useful for the interpretation of MRI-based tractography of the visual pathway [1] . Also, the outline may be used for a more precise correlation of functional MRI The usefulness of the visual pathway scheme for the application in different specialties may become more obvious when considering relatively frequent diseases in neurology and ophthalmology. There are neurological diseases whose first symptom may occur in the visual system (e.g. optic neuritis in MS). On the other hand, apparent eye diseases like glaucoma may be influenced by perfusion disorders of the brain, as explained below.
There are numerous publications about optic neuritis in MS. The investigators have found that in MS, RNFL thickness measured by optical coherence tomography is associated with parenchymal fraction of the brain, cerebral fluid volume, and MS lesion volume [18] [19] [20] . RNFL thickness was also significantly correlated with fractional anisotropy and radial diffusivity of the connected contralateral optic radiation [21] . Additionally, RNFL thickness was considered to represent a better parameter for monitoring axonal damage longitudinally, whereas disease severity was best reflected by brain parenchymal fraction [22] . Even in normal appearing grey and white matter of MS patients, hotspots of tissue alterations may be detected with high specificity [23] .
Whether small focal lesion processes in the brain are associated with a reduction in focal RNFL thickness is a question that is still unanswered. In glaucoma patients, a relationship was described between impaired visual function and resting blood perfusion within V1 [24] . The unequal cerebral blood flow in the ventral and dorsal V1 correlated with the differing visual function of the superior versus inferior visual field. The authors concluded that altered cerebral blood flow may contribute to glaucomatous optic neuropathy, or it may indicate glaucomatous neurodegeneration in the postretinal area caused by damage to the retinal ganglion cells [24] . Glaucoma without increased intraocular pressure (e.g. NTG) appears to be linked to Alzheimer's disease (AD). Some patients develop an AD-like perfusion pattern, but without clinical signs of AD. In those patients, the visual field defect progressed more rapidly than in NTG patients without an AD-like perfusion pattern [25] . In patients with CADA-SIL (cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy), the retinal capillary flow may be mildly to moderately reduced [26] . Cerebral microangiopathy, also known as small vessel disease, appears in the form of cerebral white matter lesions (WMLs). The presence of WMLs is more likely associated with microvascular abnormalities of the retina than the absence of WMLs [27] . A primary vascular dysregulation syndrome may be found in glaucoma patients. This syndrome leads to a mild reperfusion injury by an unstable ocular perfusion including blood flow reduction. In consequence, neural tissue is lost, glial cells are activated, and tissue will be remodeled [6] .
All these examples substantiate a close collaboration between neurologists and ophthalmologists for the benefit of patients with diseases that cover the two specialties. These efforts may be supported by more precisely allocating small intracerebral lesions to special areas of the RNFL to confirm the causality of neuro(radio)logical and ophthalmological findings.
The differing degree of precision of the published graphics constituted a challenge for the composition of a preferably complete overview. Particularly, attention has been paid to conformity of functional with anatomical findings of the chosen graphics. In addition, the primary selection criterion was to extract graphics published in high-profile media. To our best knowledge, hitherto, a comparably complete scheme of the visual pathway connections has not been published.
When utilizing the present illustration, it has to be kept in mind that ophthalmological examinations often depict the right eye on the right side of the diagnosis form. In contrast, in neuroradiology, the right side of the brain is represented on the left side of the cross-sectional image. The missing agreement of side designations should be considered in correlation studies.
In conclusion, the complete illustration which summarizes functional and anatomical findings of the visual pathway may be helpful for interdisciplinary studies in ophthalmology and neuroradiology in order to evaluate the acquired data in more detail. The intention of the work is an educational one.
